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Mesomechanics models, in which the explosive grains and
binder in a plastic-bonded explosive (PBX) formulation are
resolved within acontinuum hydrodynamic or material point
method framework, are increasingly used to improve our
understanding of the basic physics of PBX s subjected to vari-
ousthermal or mechanical loading scenarios[1]. Asthelevel
of detail in mesomechanics modelsimproves, therewill be an
ever greater demand for information about constituent proper-
ties, generaly as functions of temperature, stress state, and
strain rate, and frequently in regimes where direct experimen-
tal determination is extremely difficult, if not impossible [2].

Fortunately, atomistic molecular dynamics (MD) methods,
judiciously applied to appropriate problems, can provide cred-
ible predictionsfor many of the thermophysical and mechani-
cal properties needed to assist and/or constrain
mesomechanics modelers. We have undertaken a series of
classical MD and Monte Carlo simulations with the goal of
providing some of the parameters needed for the successful
(i.e., physically meaningful, reliable) formulation and imple-
mentation of mesomechanics models for PBXs [3-8]; the
majority of the results were obtained from multinanosecond
MD simulations using a flexible molecule potential-energy
surface. The current emphasisis on theliquid and pure crys-
talline forms of HMX (3, a, and d); relative prioritization of
particular propertieswas based on extensive and ongoing dis-
cussions with personnel in T, X, and ESA Divisions.

Validation of the force field [5] used was achieved by com-
parison between measured and calculated values for:
* crystal lattice parameters (3, a, and d);
* linear and volumetric coefficients of thermal ex-
pansion (3, a, and d);
* heats of sublimation (3, a, and d);
» anisotropic sound speeds for B-HMX.

Predictions were made for the following temperature depen-
dent liquid state properties (p = 1 atm, 550 K < T < 800 K):
* thermal expansion, shear viscosity,
self-diffusion [6];
» thermal conductivity [7].
Calculations of the pressure dependence of the shear viscosity
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Figure: Snapshot from an isothermal-
isobaric MD simulation of B-HMX.

Shear Viscosity and SelfDiffusion Coefficients

Liquid HMX, 550 K < T < 800 K
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Figure: Temperature dependent shear viscosity
and self-diffusion coefficients for liquid HMX.
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and self-diffusion coefficients are underway for T=800K, p
<15GPa

Elastic limit mechanical properties that have been computed
include;

» complete isothermal elastic tensorsfor 3-, a-, and
0-HMX corresponding to room temperature and
pressure, based on an analysis of themicroscopic
strain fluctuations obtained from i sothermal -iso-
baric MD simulations[8];

* anisotropi ¢ sound speedsfor any givendirectionin
the crystals [5,8] (a derivative quantity calcu-
lated directly from the elastic tensor).

Knowledge of the elastic tensor alows calculation of bulk
elastic properties (shear and bulk modulus) in addition to the
sound speeds mentioned above; transformation between iso-
thermal and isentropic el astic properties can be accomplished
given the thermal expansion tensor. Simulationsto yield the
elastic tensors of 3- and 6-HMX at elevated pressures and
temperatures are in progress.

Careful analysis of two sets of experimental isothermal com-
pression datafor B-HM X reveal ssignificant sensitivity of the
bulk modulus to the equation of state fitting form chosen and
to the domain over which the fit is performed [9]. Since nei-
ther of the experiments samplesthelow compressionsrequired
to determine the true zero-pressure modul us, we are perform-
ing abattery of simulationsthat will hopefully serveto deter-
mine which among the common fitting forms is most appro-
priate aswell asto resolve an apparent inconsistency between
the bulk modulus derived from microscopic strain fluctua-
tions and that determined from the measured (and computed)
high-pressure hydrostatic compression curve [8].

Additional simulationsin progress or planned for in the near
future will provide:

* specifc heat;

* Gruneisen gamma coefficient;
each as a function of pressure and temperature, and for all
relevant phases.

As the level of detail in
mesomechanics models im-
proves, there will be an ever
greater demand for information
about constituent properties....
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Figure: Temperature dependent thermal
conductivity coefficient for liqguid HMX.
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